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PREFACE AND INTRODUCTION. 

... . ■ „ „ „,„-, in >e<nrd to our Tames l.etfel Wheel, but it is intended especially, for our new 

Paten^d Cp P r .rS^UoTJ ^rdV^'' wheel A description of this wheel wi.lb. found^ o-her^ 

^t!r e^tS ^na] f ,n:^nures 0f JiT.^' fraXIIai^'Zse power. being omi Ued where ^jrtejjj, 
common fracti. n is substituted for the decimal. Our Company .ntroduced this important change, 
ind improvement in water wheel tables, for which they have the copyright. . 

Several members of our firm h.ne had .» practical hvdraulu experience, extending throughout a pertod of more than 
4 y« r The "h ave wi ne,*d the ev.du.i.Jo, .he Fufbine. from the Crude Paddle Wheel, to its present high state of 
4 u yea.-. y t lrne s Leflel cc Co have recently furnished for Niagara tails. The early, 

P - 1 C fnVnfsof w Lr . h .1 , ■> ■ ... eWof Terefctton class, mostly oi, horizontal sha.l>. su.l, as the Parker, Rose, 
"™ P othersTsed in thts count y This'reaction type of wheels. «> — ceded in th.s country, by the French Kourneyron 
Fontaine as well - ..the', 'lore- « hccK which added the principle of Pressure to that of Reaction. Improvements 
•e soon aHenvards made in Ih.s "countrv. bv such practical men as James LefM. Two of the best styles or forms of 
Pressure and Reaction wheels were combined, obtaining thereby a double wheel; and upon that line, the unexcelled ■m- 
provements of the James Leffel Turbine were introduced. The Pressure and Reaction wheel has oeen very generally 
applied to moderate heads, throughout this an.l other countries. It is well adapted to large volumes of water, and head 
pressure ranging from two to sixty feet, and sometimes even more. The James Leffel Wheel has been used, under head 
pressure as high as Three Hundred and Fifty feet. .... .. .. 

A new combination has been invented, in quite recent years, generally known as the "Jet" or " Hurdy Gurdy 
wheel. The Impulse and Reaction principles are employed in this water wheel, thus substituting impulse for pressure 
but retaining the reaction principle of the turbine. Hereinafter will be shown, by illustrations and descriptions, several 
forms and styles of a wheel of this character, Patented February. iSoi. which we have named our •' CASCADE \\ heel , 
and which we are now prepared to manufacture extensively. It is hoped, therefore, that the following pages devoted 
especially to this new Patented Impulse and Reaction wheel, will be important to those interested in water power im- 
provements. JAMES LEFFEL & CO.. Springfield, Ohio, U. S. A. 



Water Power. 

The subject of water power, has engaged the attention of mankind from ti 
confined to one people, or one community alone ; but all nations have utilized its benefits, in some special manner. Per- 
haps the earliest application and use of this kind of power, was that for irrigation purposes. The simplest method em- 
ployed, to obtain the power for elevating the water, was a modification of the large or high Undershot or breast Wheel, 
carrying a part of the water to the top, which had aided in propelling the wheel at the bottom. The small quantity thus 
carried, being dropped into a trough near the top, and therein conducted to the tract requiring irrigation. A modern 
plant, is supplied with a fine system of Turbines, Centrifugal or Reciprocating Pumps, and iron or steel piping, through 
which the water is forced, in large quantities to any height or distance. 

The use of water power has shown rapid advancement, and perfection of application, equally as great in many other 
directions; and for a multitude of ifther purposes. The use of the James Leflel Turbine, may be taken as an instance of 
diversity in the utilization of water power; as this celebrated wheel is driving more than loo differerent kinds of Mills, 
Shops, Factories and other power plants. The country's increase in population, its advance in material growth, the exten- 
sion of its undeveloped territory, and the great inventions rapidly developing, offer new opportunities, for the extension of 
water power utilization. The wonderful achievements in electrical science, have shown new and unexpected advantages, 
for streams heretofore considered useless; and the field enlarges, as practical science advances. 

The contrast between an ancient irrigation plant, and a modern system, is well illustrated in Street Railway service; 
where the best Hydraulic Engineering, »nd the finest Mechanical execution, are supplemented by intelligent electrical 
advice, in designing and building the successful motive power by water. Such a service is most exacting in its demands, 
and more difficult to perform, than perhaps any other use made of this kind of power. All streams whether large or small, 
with heads of great or light pressure, maybe utilized by modern Turbines or Hurdy-Gurdy Wheels. It is to the class of 
high head pressures, and the latter style of wheel, that the following matter is especially devoted. 

Measuring Water Power Streams. 

The first consideration, in the contemplated development of a water power, is the measurement of the watei 
stream; and the height of head or pressure that can be obtained. This Pamphlet will he devoted particularly, to 
of small streams and high heads. It will therefore, be necessary often to ascertain, with a considerable degree of 
acy, the quantity of water afforded; that a wheel may be properly designed or selected, securing thereby the mi 
monious arrangement, and the best possible results. 

Several methods will be hereinafter illustrated and described ; and to make the information quite complete 
subject, large streams are also included. We give our decided preference, however, for small stream measuremi 

reliable, if properly carried out. The method also of Miner's Inches, is described and carefully illustrated, 
found capable of obtaining results of sufficient accuracy for small streams. 
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Improving a Water Power. (Measuring Streams.) 

The lir-t thing necessary is to know the amount of head and fall 
that can be secured. The next step is to ascertain the quantity of 
water the stream affords. The quantity of water can be closely esti- 
mated by the following plain suggestions and the illustration on pre- 
ceding page. Use a hoard long enough to reach across the stream, 
with each end set in the bank. Cut a notch in the board, deep enough 
to pass all the water, and long enough to reach about two-thirds 
across the stream. The bottom and ends of the notch B in the board 
should be beveled on the down stream side, le iving the upper edge al- 
stre.im, most sharp. The stake E, should be driven in the bottom of the 
several feet above the board, on a level with the notch B; this level 
1\ found, when the water is beginning to spill over the board. 

Alter 1 lie water has come to a stand, and reached its greatest 
depth, a c.ueful measurement can be made of the depth of water over 
the top Of stake E. Such measurement gives the true depth of water 
pissing over the notch, because if measured directly on the notch, 
the curvature of water would reduce the depth. The line D is a level 
from the bottom of notch IS. to the top of stake E . while the dotted 
line C represents the top of the water, and the distance between the 
lines gives the true depth, or spill over the weir board. The line D 
has the appeal. nice of running over the top of the board: when in 
fact it passes behind it — the reader is supposed to look through the 
board and the post. The surface of water after passing below the 
board, should not be nearer the notch B than ten inches. Neither 
should the nature of the channel above the board, be such as 
to tone or hurry the water to the board; but should be amply wide 
and deep, to allow the water to approach the notch quietly. If it 
passes the channel rapidly, it will be forced over the notch and a larger 
quantity will pass, than the table indicates. 

The weir table herewith gives the number of cubic feet of water 

H minute, over the notch for each inch in breadth. The 

in the first vertical column, are the inches 

depth of w.uci ovci the weir ; the first or top horizontal line is 
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WEIR DAM MEASUREMENT. 
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ic feet, that will pass each minute, for each inch depth 
i in width; for any particular number of inches width 
of breadth the weir may be. Suppose 
find the 



fractional parts of an inch. The body of the table shows the cub 
•, from I to 25 inches. Each of these results is for one inc 
■, the result obtained in table, must be multiplied by the 111 
the notch in the board is twenty inches wide ; and the water at the 
figure 5. Follow the horizontal line of figures until a vertical col 
square where these two columns meet will contain 5.18 (five and 
ing for each inch in width ; since the supposed weir 
which gives 103.6 (one hundred and three and six-tenths) cubic ft 
,vidth of weir, of any depth from I to 25 inches, can be easily calculated. 

An important matter in measuring small streams, is the possibility of damming or holding the water, and using it a 
Dart of the time instead of constantly. If the water is held for twelve hours, and the whole quantity used in the next 
welve hours, with the supply that the stream affords in the same time, the power of the stream would be doubled, for the 
welve hours, and give a better effect than if used constantly. This method may appear simple, but we request that par- 
the depth, and width of the water over the weir, so we can make the calculations oursel' 



stake E, 5^ inches deep; in the firsl 
mn is reached containing )/ 2 fraction ; 
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Measurement of Water by Miners' Inches. 

;nt is still another method, of ascertaining the quantity of » 

ractised, throughout mountainous or mining sections of this 

.sing or letting water to mining claims, by Hydraulic Comp; 

irry the water for mining purposes. The miners' inch i 

int of opening; but we have adopted in this pamphlet 
and their engineers, as a reliable one. 

ustration will show, and the following power tables contain estimates, based upon this 

vill be 50 inches long, and 2 inches wide, in a 2-inch board ; said opening being from its 
center to the surface of the water, 7 inches, or from the top of the opening to the surface, 6 inches. The opening repre- 
sents 100 miners' inches, which will discharge 157 cubic feet per minute, ascertained upon reliable and practical experi- 
ments by competent engineers. When the opening is narrower or wider, the discharge will differ slightly from that stated ; 
being more with larger and longer openings, and less with smaller and shorter ones. Each miners' inch may, however, be- 
taken at an average of 1.57 (one and fifty-seven hundredths) cubic feet discharge per minute. This will be sufficiently 
close, in estimating for any size of stream adapted to this method. The plan, however, has not the simplicity and accura- 
cy, in the hands of the ordinary or inexperienced man, as the weir method, already illustrated and described. 

The illustration herewith shows an aperture 50 inches long, 2 inches wide, through a 2-inch board. The outside lower 
edge of the board being chamfered an inch. The slot is shown one-half drawn open ; but the board or gate which slides 



by means of a rabbit or a shoulder upon the top board, carries a piece fastened to its end, which slides back and forth 11 
the slot, making the spill of water more or less in width, to suit the size of stream, or to keep the depth of the water ove 
' ' ; notch, exactly six inches from the surface to the upper edge of the notch. A colored line may be painted on the up 
am side of Che board, giving the exact height above the notch, or the board itself may be so located, that the width of 
bove the notch is exactly 6 inches. The moment the water begins to spill over the board, the gate can be further 
u.own and the opening increased, until precisely the quantity issues through the opening, that will hold the water at the 
top level of the dam or board, or at the line drawn upon it, to represent the distance above the slot or mortise in the board. 

When the gate has been sufficiently drawn, or properly adjusted by means of its handle, so that the upper level of the 
water will stand exactly at the line, the length of the opening through which the water is passing, can be easily measured. 
This length multiplied by the two inches opening, gives the exact number of miners' inches. As an instance, if the gate 
is sufficiently drawn to make the opening 30 inches long, through which the water is spilling, there will be 60 miners- 
inches, as the notch is 2 inches wide, multiplying the 30 inches by 2 obtains the 60 square inches, or 60 miners' inches. 
Now, assuming that each miners' inch will discharge 1.57 cubic feet, there will pass 60 times that quantity, or nearly 
nin.tv-tkv and two-tenths cubic feet per minute. We stated in the foregoing that where the notch is less in width than 
so inches, it discharges a little less than the quantity or co-efficient we have just named. Our tables giving miners' inches 
opening, are based upon this style, and kind of measurement; and upon the co-efficient of discharge just named, and 
may therefore be assumed as nearly correct ; sufficiently so for all practical purposes. 

If some other width of notch is taken, or some different depth of water over the notch is used, by parties in their cor- 
respondence with us, such measurements should be carefully stated. We would thereby be enabled to estimate the quanti- 
ty their stream affords, by the particular method then employed. There are different methods used even in the same state, 
d especially in the different parts of mining and irrigation countries; but the one herein adopted as the standard for the 
purpose of this book and these tables, seems the most popular and satisfactory. 

The New CASCADE Water Wheel. 

THE SIMPLEST AND FINEST JET WHEEL NOW BOILT. 

Our experience of 32 years building and applying Turbines, has frequently furnished instances, where tne Turbine 
type of Wheel, could not be successfully used. High heads and small quantities of water, require so hne adjustment of 
various parts of the Turbine, and such close fitting of the movable water joints, that leakage becomes a source 01 anno>- 
ance, and can not be avoided. So many small apertures are also necessary, and therefore so much fr.ct.onal urface. to* 
the efficiency and percentage utilized, from the quantity of water afforded is seriously affected. The speed of the Turbine 
is also so great for many uses, that wear becomes rapid and therefore a want of durability. 

We have applied the James Leffel Turbine, to heads as high as 350 feet, in capact.es ranging from 250 to 1200 
Horse Power. The same heads under which these wheels are used, if supplied with very small quantities of water. 



io The New Cascade Water Wheel. 

could be better utilized by an Impulse and Reaction type of Wheel, such as the Cascade, which will be founc 
hereinafter fully described. Its advantages will be readily seen in the great simplicity of its structure, its slower speed, for 
many purposes, its small frictional surface, and its almost entire freedom from wear. Besides the foregoing good qualitiei 
this wheel is guaranteed to give a far higher efficiency or percentage of the use of water, than any Turbine under simila 
conditions. This wheel is also applicable to heads ranging from 40 feet to 2000 feet and upwards ; head pressures s 
high, that they are absolutely impossible of application to Turbines. 

The illustration on foregoing page, shows this new Cascade, Hurdy Gurdy, or Impulse and Reaction Wheel. This 
Wheel was patented by us February 1891 ; and by careful thought and attention to its proper design and its strongest, 
simplest, and best method of construction, it has now reached that state of excellence, which justifies us in its production 
for the trade. It is shown in th^ first illustration, in its completed form; and on pages following, parts of its cover are 
removed, showing the style and character of the runner or wheel proper, the triple nozzle system, and the general in- 
ternal arrangement in different positions. 

Advantages of the CASCADE Water Wheel. 

The great simplicity of this Water Wheel is readily apparent upon a mere inspection of the illustrations. 
There are really no wearing parts except the journals of the shaft, which guarantees durability and a minimum of cost or 
ixpense for repair. The application of the water being at one, two, or three points only, its action upon the wheel is very 
jreatly simplified, and the frictional surface of the water materially reduced. The occasional rubbing and consequent 
vearing of the metal surfaces, causing serious leakage, where close and neat fits are so often necessary in Turbines, are 
intirely obviated in this wheel. This ease of applying the water to an open bucket, which receives it by impulse and dis- 
:harges it by re-action, secures the highest possible efficiency in power. Economy in water, especially in small streams, 
>eing a matter of great importance, it is successfully secured in this type of our wheel. 

Admitting the water to wheel through one, two or more tips or nozzles, does not decrease the useful effect of water; 
but the percentage remains the same, whether one or more, or a half dozen should be used. Each nozzle ii 



n the din 






t image of great importance, since there is scarcely any stream that does not vary considerably during a 
season. Various sizes of nozzles can be conveniently substituted at any time, to suit the changing condition of water 
supply at all seasons and at all stages; and, as already mentioned, with the same high economy of power. 

Another advantage in the use of this wheel is its slower motion than turbines under high heads. With but slight 
changes or modifications, we can so adapt this wheel in size as to obtain almost any required speed, it being merely a 
matter of diameter, number of buckets, and size of nozzle. The velocity of the wheel, of course, depending upon the 
head pressure, and the speed upon the diameter, thus changing the number of revolutions, with every change ii " 
""■ly are easily and frequently applied to dynarr -- J 
application to Centrifugal Pumps, 
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12 The New Cascade Water Wheel. 

in the application of water wheels to mining work is extensive ; and like the Turbine, this Jet or Impulse wheel can 
preferably be applied separately to different parts of the same plant. It is often convenient to use a wheel for the Con- 
centrator, another for Electric Lighting Plant, a third for the Batteries, and a fourth for the Stamping and Crushing De- 
partment. Each of these different branches of the establishment being run independently of the other, greater regularity 
is secured in the performance of the entire plant, and either can be stopped and started without interfering with any other 
department. If one or more departments require an intermittent or irregular power, a governor can be applied to such 

be driving that portion of the works, thus obviating the necessity of using governors on the other wheels. 

regulation is necessary, and oue water wheel only is used, a large heavy governor must be applied. 

Triple Nozzle CASCADE Water Wheel. 

JAMES LEFFEL & CO. SYSTEM. 

The following page shows the new Cascade Jet Wheel, already partially described, with its cover and side remov , 
for the purpose of showing the triple jet system. It will be observed in this plate, as already seen in the preceding 
plate, that a vertical gate stem and gate are used. This sliding gate covers two partitions between three openings or 
entrances of the water into the pipes, conducting it to the nozzles or discharge tips. If it is desired to run with but one 
vent, nozzle or tip, the gate can be raised one third of the distance, or to the first partition, by means of the hand wheel, 
which turns a screw, operating in a nut upon the gate. If double the amount of power is required, the gate can be raised 
another third of the distance, embracing two thirds of the entire opening, and stopping upon another partition ; thus sup- 
plying another tip or nozzle. Should a still further amount of power be desired, or three times the amount of one nozzle, 
or fifty per cent more than two nozzles, the gate can be run by the hand wheel, to its full height and water admitted to 
the third nozzle, thus affording a full vent or disharge of the three tips or nozzles. 

The same idea is shown in the third illustration, with the side and top removed; the position only of the wheel and 
frame work being changed. While these nozzles constitute really one piece, the water is admitted separately to each, and 
the whole branch or system of nozzles, are easily set and fastened within the casing, upon a perfectly tight and planed 
joint. Our system admits of moving these jets, thereby obtaining the proper inclination or projection upon the buckets of 
the wheel, without guages, patterns or other means sometimes resorted to, by different makes of wheels of this class. 
Either of these tips or nozzles, may be removed, and others put in their place, of different size or bore; or either of them 
may be capped over, and one or more used, or all used together. The system gives a wide range of variability in power, 
quantity of water used, and fluctuations of the stream. 

The two plates show three nozzles. The power and capacity of the wheel is not limited to these three alone; but by a 
modification of the casing or frame work, three or more others may be added, extending the stream further around the cir- 
cumference of the wheel or runner. The usual requirements, however, of this class of wheels, will be limited to one, two. 
or three jets ; the number and range of sizes that can be applied, giving variety sufficient to cover a large majority of 
conditions that may present themselves. We are therefore not limited to this particular style of mounting, or the number 



of jets shown in these plates; but we can extend the variety, that we will be able t 
that may arise. Our long experience with water wheels has enabled us to fully m: 
presented in the large and varied use and application of the Turbines we have built. 

Construction of CASCADE Water Wheel. 

It will be seen in the several plates illustrating this wheel, that it has two separate sets of buckets. These buckets ai 
located alternately on each side of a central, sharp, continuous, dividing ridge, projecting a little in front of the entering 
edge of the buckets. This dividing ridge has a sharp, cutting edge, which edge serves to separate or divide the jet of 
er before it touches or reaches the buckets, and to keep it continuously divided in two equal portions, so that each por- 
i or each half of this single jet is received separately on each side of the dividing ridge. One half of the jet is there- 
j received by one series of buckets, separate and independent of the other half, which is received by the other series. 
Each series of buckets, on each side of this continuous dividing edge, is so arranged that they catch the water alternately, 
in such manner that no two come opposite each other, their upper front edges not being on a line. 
This alternating arrangement of buckets secures greater steadiness of motion, since it is equivalent to twice the num- 
ber of buckets, and the shocks or forces are therefore divided more regularly on the wheel, as each bucket passes the point 
of the nozzle, and catches its half portion of water. These buckets are cast solidly and firmly upon each side of the cir- 
cular dividing ridge, aud upon the face or rim of the wheel on each side of this central division ; this circular ridge being 
also angular and curved as it approaches the center, giving to the interior of the buckets a very beautiful, symmetrical and 
effective curve. This arrangement of buckets and form of construction enables us to secure great strength, firmness and 
stability. They are not subject to the difficulty of becoming loose, as those styles in which bolts, nuts, and other appli- 
ances are used to fasten them upon the face or rim of the runner. 

Our method of dividing the stream is the most perfect yet applied to Impulse Wheels. The water commences dividing 
immediately on touching the circular ridge, and continues thus divided until the last portion enters the bucket. The 
dividing ridge prepares the form of the jet, shaping it to suit the bucket on the side, where it enters or strikes; and thus 
affords a much better impulsive action; receiving the water against the inclined side of the bucket, which is an essential 
juisite of the highest efficiency, or the greatest amount of power from the least quantity of water. These points of 
rit and excellence have had our careful study and consideration, before and since our patent was issued in February, 
JI, and will continue to receive our best thought and attention. 

Mounting the CASCADE Wheel. 

The three plates herewith, illustrate iron mountings for our Cascade Wheel. This style, however, is solid and c< 
ct, occupying the least possible space, and is not expensive. We believe it will meet the views and requirements of 
stomers, more satisfactorily than the method, sometimes employed, of mounting them upon wooden frames. The latter 
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as durable, substantial, and as solid as the iron frame work employed' by us. This style of 

in portable form, and always ready for 

necessary attachment to the head pipe. 

Our style of mounting admits of easy transportation, in small and comparatively light parts, and great convenience 
and certainty in setting it up. Each piece can be easily marked and come snugly to its place when assembled or set to- 
gether. In our construction there is no difficulty in setting and placing the nozzles properly, and thereby greater accuracy 
of position is attained, and a certainty of higher efficiency or economy in water, because of their certain and proper ad- 
justment. With wooden mountings it is always more or less difficult, to apply the nozzle at its proper angle or inclination, 
so that the water will strike the buckets at the best position. It is highly necessary that the stream be projected into the 
buckets just at the right point, to secure the best possible results, with a Hurdy Gurdy or Impulse and Reaction Wheel. 

Our Water Wheel Patents. 

We have published in several editions of our pamphlet, a decision and decree of the United States Circuit Court, in a 
it instituted by the firm of James Leffel & Co., plaintiffs, against Thos. Leffel & Co., the manufacturers of a so-called 
Leffel Wheel, who were the defendants. This suit was brought to restrain the said Thos. Leffel & Co. from infringing the 
patents of the James Leffel wheel. The court fully and completely sustained our patents in every particular, absolutely 
confirming their validity, and a decree was rendered granting an injunction forbidding the ri 
wheel by the said Thos.' Leffel & Co., who soon afterwar ' 
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Tables of the CASCADE Water Wheel. 

ER, VELOCITY. MINERS' INCHES AND QUANTITY OF WATER. 

ble of our 26-inch CASCADE Wheel. This table is unique and original ii 

head pressures, ranging from 60 to 240 feet; at intervals of every 5 feet, 
240 feet. The right hand half page continues these head press- 

of 10 feet each, and the balance of 20 fm Hiff<.r<. 

le number of revolutions per minute 
opposite to which it is set. Powers, n 

following simple manner: Four times the 
Example :— Page 18, a 3$ inch wheel, 60 
Multiply the head by 4, the j 



195 feet . 
ures, from 250 to 740 feet — a portion bei 
second vertical column, in both parts of this table, gives 
Wheel will make, while at labor under each of the head: 
charged, for higher heads than those given in the tables, 
head, gives eight times the power, two times the water, and twice the revoluti 
ft. head, makes 158 revolutions, gives 3 H. P., and uses 32 cubic feet of war 
olut.ons by 2, and the water by 2 ; there will be 240 ft. head, 316 , 
will be found in the bottom line of the table. The results differ a mer 
holds good For 2000 ft. head, multiply the power under 500 ft. head by 8, 
i you have the general result. Estimates for any head, above those in 
he vertical columns following, at the head of each of which is found 
tamed, with each of the head pressures for this size of wheel. In givi 
mal fractions, and give only the nearest common fraction, as we have done i, 
being the first parties to originate and adapt thi< 
respondents, than where 

>er of cubic feet of water discharged per minute~'for~ea 
1 of the vents under each of the head pressures named 

ping the decimals in giving the cubic feet, - - ■— -- ■ 

which is found ■' M. I.," represent the Mi 
and cubic feet of water discharged, just r .„ 

of these are oppos.te. While the common fr.Con gives these quantities app'r'oTin 
s it by tenths and hundredths; but they 

simplicity and convenience ol this style, 
wheel which are seen'in a fhir \ H^™'. IT" "' " T' ." " ecls ' ne table g' ves four ven ts and discharges for 
B built fo ^^^^^\^^^TtC\^l^ of the '•"«■ ^ding Ven, F, Vent H, etc* The 
^J^^^^ case require j( A)1 |hat (Seepagf 2l) 



md plan 



which v. 






ev., 24 H. P., and 64 c'u. ft. of water, all of 
e trifle in some instances, but the general n 
the revolutions by 2, the quantity of water 
the table, obtained in the same manner. 
" H. P.," represent the horse-power that will 
ng these horse powers we have omitted deci- 
1 our tables for the James Leffel Turbine— we 
: regard far more simple, and better si 
he vertical columns with " C. F." at the head 
ver just preceding it 
.-.^ adopted the same plan in drop- 
' T„ h 1 T'r „ C horse -P° w ". Each of the columns, at the head of 
■Jj?na ?i a i r ! a KL;""_ y .!, X ? lained ,° n P?^ 9. 'hat will give the horse power, 
e head pressure, to which each 
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26 Inch 'CASCADE' Water Wheel. 


26 Inch 'CASCADE' Water Wheel. 


HrMi 

in 
Feet. 


Ber. 

per 
Min. 


Vent F. 


Vent H. 


VENT 2 H. 


Vent 3 H. 


Head 
Feet. 


B«T. 

p»r 
Min. 


Vent F. 


VentH. 


VENT 2 H. 


VENT 3H. 


e.p. 


C F. 


HI. 


B.P. 


(. F 


HI. 


H.P. 


C.F. 


1.1. 


B.P. 


C. F. 


LI 


B.P. 


C.F. 


1. 1. 


B.P. 


C.t". 


H. 1. 

25', 

ft: 

'A ' 

23' 


B.P. 


C.F 


1. 1. 


B.P. 


C. F 


Ml. 


M 
6. j 
70 
75 


237 

2 














3H 

4'2 


38'. 
43'-- 


24 . 
25\ 


s 

9'. 


58', 

60 

65 


37 


2.-.0 

2«o 
2SO 


484 

494 
503 


;•;, 


28', 
29 
29'. 
30 


■6 , 

'?;. 

IS' ; 
I3-. 


ft; 


39 ; . 
40 J, 

43': 


30|, 

34 r ' 

36 

38 

40H 

42- 


£ 


52' 


4V. 

51*6 

34' 




76 
77 
11 
82 

z 

86 


SO 
85 
90 
95 


299 








3'i 

V 


24', 
- 

^7 


:?■ 


6'A 

7'. 


44', 

47': 
48'. 


26'. 
31 


" 


4'; 


20O 

:;oo 
:5lo 
:120 


522 

i 


#! 


ft, 
-ft 

ft; 

j 5 


54' 

57 






lor, 
HO 

T20 
125 

lio 

1 :*.-. 
140 

!.->(! 
l..-> 

i>!.-, 

17o 
17". 
ISO 

IS". 

200 
,'n. 
220 
2:»0 


321 

IS" 

343 

356 
362 
369 

38? 

3&3 

405 

417 
422 


3'- 
f. 

5-7 
5'-' 

5'. 

6-7 
6'.. 
6\ 


i6-\ 

I7 1 . 
18 

■8', 
;• : 

IQ", 

■9 . 

20'' 

20?, 

iii! 


10- 

"'. 
II'. 


3; 

4'.- 
4\ 


16 . 


8 ■-. 
9 


5°', 

32 


32', 
33': 
34'. 


■2': 
■3'- 


-5 , 
77 

78>. 


4 3 
49 
50 
5' 


■{iio 


1 
581 




30', 
31'. 

31', 


19'. 
■9 . 


23', 

24'- 
25 
26'. 

ft; 
30 
31 


47': 


29' 

30', 


46', 

c 8 ' 


69-U 
? 7i'. 

79-;. 




11 
90 


■ '■* 

12'' 


5'. 

5 •- 


3"' 

23', 
29 


!s',' 

iS'. 


10', 
.0-. 

"!- 
I3, 

■4'. 
■5 

llv 

Is' 4 

iS~ 

jo'' 

23' 
25- 




37 


11': 
ft: 

10'. 
20 

22': 
24''; 

23', 
23 '\ 

29 1 . 
;o' 

31', 

35 
38 

4°^8 

43'. 


= 2'. 
.34 
85'. 

"'■ 


52 

54 


:i7o 
;!so 

I'm 


613 


13--. 

20 , 


32', 
32'. 

33' 


2I'. 


43'. 
48'. 
49': 

50 


3" . 

ft-: 
32 


55K 

57'. 
59 
62' 


3" 


64 


323. 




93 


i;- 4 

'3 

■3', 

i3-\ 
■3-- 


6 

6 'r 
~r~ 

«'. 
8'. 

9 

10'' 
l£j 

12 
■3'.' 


■-r. 

;' 

31 . 

34': 


!'■' 
20', 

21': 
21; 


fc'' 
6.'. 

02' 

53 " 
64'. 

% 
r ; 

70_ 
74'. 


■ 

39 
39j_. 

« : ; 

44-". 
45', 

46'.. 

%\ 
49' 2 


59 
92 
93'. 


53 

e 


120 

4lio 


643 
671 




I: 


1 


33 

"' 


52'. 
53'. 
55 


i 2 


t- 


103 
105 


05 
70 


107 
■15 

lis 

146 
154 

,6, 

■79 


| 


98 
103 

109 

"3 
115 


95 


02 
63 


r.20 
.-,10 

-,(iO 


f 5 

699 


1 


B' 1 


48|, 
54^ 


56 
59_ 


37'. 
38': 
39', 


My. 
92 
97'A 


iii 


7 V 

73 


23H 

22 , 

23 
-4 


■4 
14 

14"'. 
■ 4', 
■5 
■5 ; : 
'5 . 

16 

16'; 


i-5 

109 


64 

65 

66 
67 
68 

69 


ItiOO 
040 
60O 

:"" 
7J0 


735 
775 

533 


46 * 
48 


&: 


28', 


433 1] 7>J 
440 7", 
454 | 8 ^ 
465 , 9 
475 | 9 ! s 


IS 


23'. 

2?, . 
24', 
24'. 


66 

i, 


"4-: 


43^ 


■37 

150 

15b 


131 

il 


83 
86 

37 


206 
215 
234 


205 


125 
130 


j REV. PER M!N — Revolutions per Minute H. P.— Horse Pow 




F.=Cubic Feet Water per Minute M. I.— Miner's Inches. 



-S^ablTipe^y Arranged for The^CAS^r^Wa^h^J^^ 



Inch "CASCADE" Water ' 



Min. HI' 

i ~\, 

171 3;. 

183' A 
188 5 



- 3 " : rr 





In . 


7, ; ,,i 


24b 




5° 


V 




■1 , 


S> 


W. 


















2 


■ 3'/. 


11' 


33'. 
14 


266 




54 


34'. 


270 


'1 


55 


35 


s 


?■ 


5<> 


j i.- 
16' 


2S5 


■7 l - 


5*_ 


JL 



Vent 3 L. 
H. P. C. 1. 



I 8 3 :" . 

il 90 58 67S 



"CASCADE" Water Wheel. 



p.c.p.i. i.!;B.p.c.r.i.i. 



J75I57 



,6 no I 



'. PER MIN - Revolution. 



r Mitim. H. P.-Hoix 
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50 Inch ".CASCADE" Water Wheel. 


50 Inch "CASCADE" Water Wheel. 


H,ad 


Ber. 


Vent N. 


Vent P. Vent 2 P. 


Vent 3 P. 


Head 


Bpt. 


Vent N. 


Vent P. 


Vent 2 P. 


Vent 3 P. 


In 

Feet. 


per 
Min. 




















B.P. 


C. P. 


I 1 


B.P. 


C. P. 


1. 1. 


IP 


C. F 


LI 

■6s 


H.P. 
16 


C.P. 


I 1 


Feet, 


Mill. 


B.P 


C.P. 


LI 


B.P. 

.02 


C.F. 

;h 4 


1. 1 


B.P. 


f. F 


11 L 


II. P. 


C.F. 


LI 


BO 


«■> 


l> 


&: 


19' 


12 


■ 29 


S2'. 


24 


2 59 


3&S 


247 


•-•50 


342 




S3 




■ V, 


























































89 30'. 








































75 
















.89 


,S 4 5 o . 








256 


















150 








80 






59 , 












448 








£': 








28, 




25b 




462 


38 3 












55. 20'. 




98 |40' 2 




4O2 






20s 










■ 84 


209 




3bq 














5o', 22 








































95 149 








■ b3 








4S9 


3" 


















290 


50s 


381 




so: 




10O 153 


'$ 
















:t:;o 


27s 
















bo 7 


■ 








105 157 


.03 6s« 27H -7i 






21S S3 1 . 












.S5 








iqb 








457 






110 161 










Sq 


520 


iio 












10a 










305 




91» 




115 164 


i9!»| '08 


68 132 




"4 J63'. 


358 






5V> 






















034 










130 














,bb 










:J7o 
















,68 


04, 










12", 










3b'. 










2 5 




50.: 






299 


"5 












8»1 


Ov 




S 






ISO 


;;i 








IS - 






70 , 


38, 








;04 




$ 














307 




















194 






,58 






-"-' 


























1... 


638 


III' 


1S1 












i?fi 


Si 










% 




















0S5 


43b 






'•'4 


115 


a 


%> 




11 
















"-4 
















•:< 


475 




440 








150 






S 






$ 












$ 
























I5.> 


191 








50 


133 




205 






195 




_ib3 




T43 


2S9 


500 






- A l 


400 


w 




009 


ISO 














\il 
















105 






















044 
















388 1 








483 




1.3S 




1TO 












•,s 






4-r- 






;* 






35b 






us 






alb 








.10, 




175 




lb 




S4 


bo 


































































Q-,2 






509 




















'085 




768 










?? 




























.50 








7b 1 












I0O 






,,s 










4 b' 






09. 






3S. 


























195 








8q 










407 
































12 V/ 
















%' 






















2b, 


258 












050 






12.S7 


















.58 


484 


30s 


23b 




4b3 




399 










43b 














S33 
































405 














958 






U;-. 




84 5 




















-M, 








4S, 












SOU 








h97 








85- 


210 


237 


57'. 


'55 


99 


9b'. 


259 


■b 5 


192 


5'S 


33" 


2Sq 


777 


494 


.40 


4'7 


J13 


"'• 


W4 


521 


400 


290 


1042 


909 


579 


.503 


304 




REV. PER MJN.-Revolutious per Minute. H P.-Horse Power. C. F.— Cubic Feet Water per Minute M. I.=Miner's Inches. 
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Double 50 Inch "CASCADE" Water Wheel. 


Double 50 Inch "CASCADE" Water Wheel. 


Bead 

in 
Feet. 


bt, 

per 


Vent 2 N. 


Vent 4 P. || Vent 5 P. 


Vent 6 P. 


II. .Ml 


z. 


Vent 2 N. 


VENT 4 P. 


VENT 5 P. 


Vent 6 P. 


H.P 


C.F 


J. 1 


B.P 

48'. 

5s; 

66 
68|, 

76", 

85', 

9''. 
94>. 
97'. 

IS 


C.F 

518 
526 

6r, 5 


M. I. B. P 
330 60 


C.F 

1 

679 
69. 
699 
709 
719 
728 
P.' 

7<* 
801 

844 

852 


B.I. 


H.P 


C.F 


11. 


B.P 


C.F 


I I. 

>43 

::i 

MS 

150 

153 

",' : t 
.58 

X 

161 

'ill 


H.P 

.46 
150 

'53 

I98 

271 

2S2 

..,;, 

;.5 
»8 
3 3 6? 
373 


C.F 


M.I. 


H.P 

.83 
.87 
192 

.90 

205 

"J38 
243 


C.F 

938 

V 

974 
.4-. 


LI 

597 
602 

607 

634 
639 
643 
647 
652 
656 
660 


H.P 


C.F 


11 


60 

ee 


123 




11 


im 


B 


72'. 
75-', 

IV 


1 
S15 


495 
519 


I2ti 
I2W 
130 

isa 


'73 

176 


46 

47'- 
48|. 

-,o. 4 
5.'. 

52 : 

56 4 
H 




75'-? 

785 
[^ 

ioi 

830 

;40 

859 
871 

897 

934 
945 

957 
96g_ 

"■' ■ 
1025 


47S 
4S2 
485 
489 

500 

504 
507 

5" 

r>t 
521 

| 

547 


225 
230 


"25 


717 

722 

728 

734 
739 

745 

s 

777 
782 


68 

70 
72 
74 
76 

78 
wo 

W4 
W6 
SB 
90 


128 

■30 




■73 
190 


l°5 

"3 
""7~ 

124 

129 
130 

■38 


351 

356 
36. 
366 

III 

% 


75% 

85'. 
89 

0'- 


4 45 

458 


94 , 

98 


859 


527 
534 
542 
549 


134 

13 tj 
I3w 


181 


2 65 
280 
285 
291 

297 


B 

use 

'2 


464 

476 
482 
4S8 

494 
505 

5" 


II 

>5u 


■74 

S?7 


IS 

571 

578 


140 


■83 

.8. 

.55 


I 21 

634 
64. 

669 

65. 
7 1^ 


390 
395 


-:' 


585 
592 

® 


loO 

l>J 
I.li 


iSS 
189 


HI 
90 
9W 
IOO 
102 
104 
In., 
low 
119 

11W 

120 

122 
124 


150 
'53 

"Si" 

leg 


4.'. 

42 ; s 


20T 


438 J2 

455 "57 
459 161 
463 "66 
466 170 


972 

■■■-- 


S3 

-: 

6.J2 


I TO 


208 


1: 


252 

7 
265 
269 


l 


ic 5t 

•■-y 


669 
673 
684 


■'■': 




820 

631 


Hi 
543 

54s 


log 

'79 

1 84 


' 


<JJ9 

U4 5 
<-.■■-, 1 

657 


17.T 

lwr, 
100 


5t 3 

571 

579 
- 
595 
610 
617 
624 
632 
639 
653 


339 

i8o 
4-5 
437 


i 11 :- 
lib 

12<u 

;^7 


724 


: .;. 

.'.',, 


')« 
' 145 

' 

145-'. 

■504 
1520 

.537 


^ 5 
869 
880 
893 

9'4 
925 

936 

§ 

979 


S-i 
88.1 
892 

90I 


56s 

578 
583 
5S8 
593 


664 
6,44 


200 
2lT 
23.", 


43° 
235 


64 


..So 
; '< 
-'Ji 

297 
301 

i 4 


.79 

|S3 
196 


7 I 3 

792 
771 
780 

8"7 


- 

507 
524 
542 
559 


_ REV, PER MIN.-Revolutioi,, per Minute H. P.=Horee Power. C. F.-Cub.c Fee. Wat r per Minute. M. !. Miner , Inches. 



s Leffei. & Co., Sprin 




id in the foregoin| 
n these tables. Th 
wo wheels on the s: 



regarding this style of wheel, is equally applicable to the 
table on foregoing page is for a Double 50-inch Cascade 
le shaft, each with one, two or three vents. 



Power Tables for Small Turbines. 

md 23 contain tables of small Standard and Reduced James Leffei Wheels, 
n page 22, &% to 17^ inches, are Standards. Page 23 is computed for Reduced 



PRICES of Leffei Wheels and Globes. 



The prices in the : 
and Globe complete. The Wheel, a 
cover, opposite title page, is placed wi 
page. This Globe and Wheel within 
The smaller wheels have bronze runne 



lown at the left hand 

the Globe, shown at 

! ready for attachment 

and all having steel gat< 



! and 23, are for Wheel 
of inside page of front 
le right hand of the same 
o head pipe or penstock. 



PRICES of Cascade Water Wheels. 

The price list below is for the Cascade Wheel, pulley and mounting complete. They 
re ready for attachment by belt to the machinery, and to the head pipe, leading water to 
he Wheel. These mountings are all iron, which is far preferable to wood, and not much more 
xpensive. They contain a gate operated by hand, for admitting water to the nozzles, and 
hutting it from them. We give the fullest guarantee for each wheel. 



r HEAD.«* 


60 to 200 Feet. 


200 to 400 Feet. 


400 to 600 Feet. 


WHEEL. 


1 Nozzle. 


2 Nozzles 


3 No,zles. 

$220 


1 Nozzle. 


2 Nn,/lt, 
$2jO 


) No/zle- 


■ Nozzle. 


2 Nozzles. 


1 Nozzles 


•20 


$180 


$200 


$2IO 


$260 


$-'45 


$270 


$300 


26 


$260 


280 


300 


$200 


320 


35° 


$UO 


370 


400 


38 


$37° 


400 


43° 


$420 


450 


480 


$470 


5IO 




50 


$500 


55° 


600 


$575 


64O 


7IO 








60 








WRITE FOR DISCOUNTS FROM THESE PRICES. 



22 Hew Table Specially 


arranged for the James Leffel STANDARD Water Wheels. Copyright 1894, by The James Leffel & Co. 


Sixeof 


YVhrtl k 
blob*. 


Head in 


5 6 | 7 


8 


•J 


10 


«|» 


13 1 14 


15 


11; 17 | IS J 19 20 


21 1 22 


23 


24 


10 


Bronze 
8225 

Runner 


> 


(water wheel] 


■': 


I', 


lis 


457 


473 


146 
194 


3 ■ 


ft 

534 


«M 

'63 

55' 


167 

56S 


5 1 SH 
173 178 
585 601 

6J4 7 
508 522 


6.7 
536 


3. £ 
632 647 


oil 


? 6.' 
675 


Hi 


Bronze 
8235 


sp« e d r :'. 


u 


.58 
353 


■ 66 


3 


3'-- 

184 

415 


4 . 
448 


4^ 


5'3 

213 

479 


hi 


8tf 

244 
549 


248 

562 

'in 


9'. 
254 

574 
12' 
34° 

4»i 


^60 
587 
I3K 
349 
510 


131 


Bronze 
8250 


sp'-'cJ 


2', 

"97 

294 


312 


3'.; 

32Q 


230 

34 5 


4 . 


5'. 


5 

2t 5 
339 


6 -' 

35S 
350 


286 


7 , 
293 


S-= 9 % 
303 307 
44' 454 


3.6 
465 


323' 
477 


m 


Ir ,. 
•260 


Speed.'! 


m 


2', 

lis 


239 


3", 


281 


4'. 


5:S 
309 
300 


6 
316 

3" i 


jafi 


7-- 


9 ■- 

{£ 


ft 
373 


11' „ .2 
390 399 
384 394 


13 

405 
537 


s 


15 
431 
424 


16 
439 
433 


■ 7!. 
451 
443 


m 


8285 


- 


kg 
.76 


208 


4': 
223 


5! = 

360 
230 


•49 


273 


284 


451 


463 


s 


325 


14'-. I5?4 


18? 


369 


13 


a 


Siie of 
WHEEL 


Wheel* 

Clobe. 


Head in 

|.,n 


25 


26 


27 


28 29 30 


31 


32 | 33 


34 


35 


38 


37 38 39 40 


41 


42 


43 


44 


8f 


Bronze 
8215 

Runner 


speed:: 


i 


6 


6', 

8.9 


7/s 

■59 

954 


7', 


166 
S63 


^68 

577 


!£ .2, 

170 I 172 

891 905 


9': 
;77 


9- 
■7? 

92 3 


945 


>0>4 
I83 

95: 


186 
97i 


188 1 190 
984 996 


■7 

262 

862 

i 
29;- 

665 


'3_ 

% 
893 
22 < 4 

776 
30 ; : 
459 

t-4 


903 

23' 

7S5 


14 

i J oV6 

a 

9'4 

24' ; 
352 

794 
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Write for DISC0U5TS from these Pricet. POWER-Horsc Power. WATEE=Cubic Feet per Minute. SPEED=Revolutions per Minute. 



New Table arranged for the James Leffel REDUCED and STANDARD Water Wheels. Copyright 1894, by The James Leffel & Oo. 23 


Size of 
WHEEL 




He.d in 


46 


4* 


50 


52 | 54 


56 | 58 


OO 


•a 


64 


66 


68 


70 


72 


T« 


76 


78 80 82 | 84 


13* 


Bronze 
8375 


Speed:'. 


706 

535 

515 


28 

! ? 

IT 

~48" 

631 

546 

s 


374 
04'. 

557 

859 
86- , 


388 397 
750 764 

4''.- 44\ 
504 ; 5'8 

652 ! 664 

6-53 665 

568 578 

72 76 

91', 96'-. 
497 506 
1 5V0 | I5 3 5 3 6 


36 \uH 

406 1 411 


39' -■ 


*ii 


832 


45 
S45 


436 
8,8 


49', 
870 

s 

85', 

77' 
059 


5>' ; 
51a 
69 
605 
768 

668 

■ (44 
585 


4 59 

_77« 
92 '2 
790 
67_7_ 

.033 

677 

.'36. 

,1.7 


56 

B 
%t 
»6 
x 

.67 

.,88 
1*146 


58^ 60^ 
920 930 


6 «v- 

94' 


4U 

951 


15i 


-'•j iio 


spee":: 


677 OQO 

589 1 600 


52 

547 


54\ 


57' = 
V'7 


60W 63', 
579 590 
735 746 


798 

6o6 

.V 7 '. 


80 

'"; 

H11 
.36 

1S0 

6.7 


83 

6,4 


647 

827 


174 


KM-. 

Bronze 
8320 

km.n.T 


67 7' 75 


7 bV 82 

75' ; 762 

640 ; 650 


Standaro 

"1 


sp-1. 


80 84 ! 88 9 2>. 97S ' [ M I 107 
902 915 j 926 945 , 96a 1 977 993 
589 600 610 ' 620 630 | 640 ' 650 

'516° "a? ! 534 543 55 7 i 5 559 508° 


.86 
■433 


.448 
632 
'51 
■ 94- 


Standard 

20 


•365 


Power.. 

W.ucr.. 

S,..:ol. 


76 

10.14 
467 


8i>, 
.07. 
478 


Standard 
23 


Iron 
8425 


!'...■. ..-, 


1430 


141 149 1 156 164 172 ! 1S0 188 196 
1591 : 1623 : 1643 1671 1698 ; 1723 1747 ; 1769 


HUM 1 


Wheel k 


Head in 

feftCC/- 




HS 


M 


92 94 


m]m 


100 lOt Ids 112 j 110 


120 121 


l'Js 


IN 


1M 








m 


83110 


85: 


"7 , 


■57 
647 7 

562 


•nH i 74 1 76s 

503 1 508 ! 514 

987 998 : 1009 
95~K 99 i '02 
672 680 689 
857 867 | 877 


» 1 5 8 / 8 

697 1 702 
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Forebay, Rack or Screen. 

Any kind of Water Wheel, whether Overshot, Hurdy Gurdy, or Turbine, requires a screen to prevent floating obstruc- 

ns passing into the gates or nozzles. We invariably insist in all cases, upon the use of one or more well constructed 

:ks or screens, in the flume or at the mouth of the head pipe ; as a necessary precaution at all times against drift or leaves. 

e opposite page shows one of the simplest methods of constructing and placing a rack, which may be made of iron or 

n pieces of wood. Iron is perferable as the pieces can be thinner than wood, occupying much less space. The simplest 

arrangement of these pieces, whether iron or wood, is to place them side by side in a line, each piece having two or more 

holes, so that rods can pass through the pieces from one side of the rack to the other, with nuts on the ends of the rods to 

hold the pieces (irmly together. Upon these rods between each piece, an iron or wooden washer of proper thickness can 

be placed, leaving spaces for the water to pass The large nozzel wheels admit of coarse spaces between them. 

When two or more racks are used, the furthest one up stream may have large spaces for catching most of the heavy drift ; 
lessening the labor of cleaning a finer rack, which must have frequent attention to prevent loss of head, which occurs if they 
are neglected. Small nozzles require small spaces or meshes in the racks or screens. A coarse brass wire screen is excellent, 
as it does not rust in water. The meshes in this wire screen must always be less than the opening of the nozzle, which is 
used on the wheel. If the nozzle should be a half inch, then the meshes in the screen should he three-eighths. If the 
nozzle has an inch opening, the meshes should be three-quarters to seveneighths inch. The cross section of the flume 
or pipe, where the racks or screens are placed, should be much larger than the average size of pipe, for the free and 
easy passage of water, that it may supply a sufficient quantity when partly clogged. Several wire screen, on w ooden frames 
could be so placed, as to admit of quick and easy removal and replacement, for the purpose of cleaning ; one or more always 
remaining while one is removed. Great care must always be exercised to keep the rack and nozzle clean, to prevent loss of 
head and power. » 

Artesian Well Water Powers. 

Frequently inquiries are made, concerning the amount of power that can be obtained from artesian wells. The ide; 
generally prevails, that they should supply considerable power, as there is always apparently a large quantity of watei 
Sowing from each well. This idea of power arises from the fact, that a high pressure is always obtained when the pipe i: 
capped over or closed, and the water is supposed to flow under that pressure, when discharging from the open well at the 
surface. Our long experience however in the wheel business, and the many instances brought to ourattention, have presente< 
very few practical and successful powers from this source. Very small powers are quite often obtained from wells properly 
connected with motors, but large powers are exceedingly rare. It is not generally understood, that the flow occurs nearly 
always under a very low pressure; and that a high pressure on the other hand, is obtained when the flow is very small. 
Either of these conditions being unfavorable, to the development of sufficient power for large concerns. The well tubing 
is so small, and often so deep, that the necessary conditions of quantity and pressure rarely happen together. Occasionally a 
well is located on an eminence, where reservoir can be secured. Such a circumstance admits of the use of a larger wheel, 
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B.— Discharge per minute in cubic feet. C— Number .,f feet lo^* by friction, for each loo feet of pipe. 
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by running part of the time, thai 

amount of power a well affords, 

while the discharge is taking place. Greater accuracy would be secured if a hole or nozz 

from the well at the time the pressure was measured. A record of the size and shape o 

be made, and from this data, the power estimated. The exact height at which ths wate 

of the nozzle, would also admit of estimating the power with considerable accuracy. \ 

Inquiries on the subject. . 

Loss of Head by Water Friction in Pipes. 

The foregoing table is taken from a book published by James Leffel & Company on the construction ol Mill Di 

Millwrighting, and Mechanics. The table has been modified to some extent, giving a velocity ol the « ■ 
not exceeding to feet, and cmhrac nig smaller and larger pipes, compiling and adapting it more fully to this rditioi 
catalogue. The calculations for this table have been accurately made by formula deduced from a coefficient for roughni 
of pipe, representing an average which wc find quoted, for ordinary wrought iron riveted pipe, by some of tl 
inent hydraulic engineers, who had the advantage of making extensive experiments. Our formula thus deduced affordi 
results of sufficient accuracy to estimate loss of head, due to friction, in all cases within the scope "I the table. Ii 
useful in estimating the available power of water, moving through varying lengths of pipe, at vel 
;o IO feet per second, in pipe^ ranging from 2 to 6o inches diameter. It should be remembered th 
length of pipe, for which this table has been alculated, is loo feet. The loss of head by friction vanes in the same direct 
ratio as the length of the pipe; therefore, the amount of such loss, in a pipe of greater or less length than i 

easily be ascertained, as we hereinafter show. The tirM horizontal line at top indicates the velocity <•< Mow ol watei Ii 

one to ten feet per second. The first perpendicular column at left indicates the inside diameters of pipe fi 
inches. We give in the second vertical column the areas in square inches of the different diameters of pipe. The thud 
and fourth perpendicular columns, headed Ii and C, as also all the subsequent perpendicular columns beaded in the same 
way, indicate the discharge of water and loss of head ; the discharge being cubic feet per minute through the different 
diameters of pipe. The column C show the loss of head in feet ami parts of a. foot for every loo feet length : 

That the foregoing may be more easily understood, we give the following example: Supposing n ii di 
the total loss of head for a fall of ZOO feet, the water passing through a pipe 5 inches in diameter and 600 feel long, dis- 
charging about 40 cubic feet of water per minute: Taking the 5-inch pipe, and running on the same horizontal lm< 
column B under 5 feet velocity of flow of water per second, 40.7 (forty and seven-tenths) cubic feet of 
found discharged per minute. In the adjoining column to this amount, 2.05 (two and hve-hundredths) of a foot loss 
head will be found for every 100 feet length of pipe. Having 600 feet length of pipe, we multiply 2.05 by 6, which 
the number of hundreds of feet of pipe, the result being 12.3 (twelve and three-tenths) feet; which is the total lo-s 
head for 600 feet length of 5-inch pipe, allowing the water to flow 5 feet per second. Now, by deducting the 12.3 f< 



the 



r will be 



from the 200 fool head, (here remains 1S7.7 ionc hundred and e:ghtv-seven and sev 
workiug head in this example. Where a still greater degree of accuracy is required, ; 
loss is sometimes estimated for the •■ velocity head " and for the " entry head." 

Long Head Pipes and their Proper Setting. 

The forgoing page shows a lung, crooked, head pipe, supplying one of our small water wheels, now in use under a head 
of 100 feet. Correspondent, frequently desire to knew, whether the same power can be obtained bv using piping, as may 
be had from ordinary open Humes, curving the water to a point perpendicularly over the wheel. The illustration is intended 
to demonstrate, l.y an instance long in practice, that the same power or useful effect, can be realized by the use of a pipe 
placed at an inclination and conforming with the contour of the ground, as if the water was led to the wheel, from a point 
directly over it. The power in the stream, depends entirely upon the perpendicular distance, between the tail water level 
and the head water level, and the length and position of the pipe does not effect the power, providing it is sufficiently large 
to carry the water to the wheel, at a low velocity. A serious loss of head pressure or power frequently results, by the 
friction of the water, in its passage through a long pipe, if the velocity is considerable, as will be seen by the exhaustive 
table we have computed and published on page 2b. In instances, where the water supply, and also the head pressui 
both limited, the size of the pipe should be carefully calculated and conformed to these conditions, that both may be ec„..„- 
mued to the greatest extent, consistent with the cost of the improvement. Abrupt and square turns or angles, should 
always be avoided where possible, and long, easy curves adopted, to ease the flow and lessen the friction. 

The lower part of the pipe near the wheel, where it is attached to the wheel frame or casing, should be well anchored 
to strong masonry or otherwise securely fastened. This is necessary to prevent the weight of the pipe, and the force or 
pressure of the water moving in the pipe, from pushing the wheel and its mounting out of line. Unless such precaution 
" 'iken, or a provision made for restraining this usually unobserved or unforeseen pressure, even though the pipe may lie 
1 level lor some distance, before connecting to the wheel, serious displacement will certainly often occur. It would 
viM i" anchor long, heavy pipes, at several points on the line; but especially is it necessary for preserving perfect 
alignment and to entirely prevent pressure, against the wheel case and foundation, to observe the necessary precautions 
■-".imated in the foregoing. 

'MHHt Complimentar) Letters on File. James Leffel & Co., have been building the James Leffel Turbine 
for Thirty- Two Vf.ars; in this time several thousand letters have been received, from users of this Celebrated Wheel, 
ataining terms of highest praise of its performance. These are on file in the office of the company. 

LeftVls' Book of Mill Dams, an illustrated book of 286 pages, devoted largely to construction of practical 
mill dams designed by James I.effel Ai Co., with also various designs by other competent engineers. It contains much 
other useful matter to mechanics, engineers and millwrights. Published by James Leffel & Co. Price 50 cents. 
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DOUBLE DISCHARGE WATER 


WHEEL 


FOR rs 


IAGARA FALLS, 1200 H. P. 



Jamks Leikkl .v Co., Springfield, Ohio. 

Powerful Turbines for Niagara. 

The opposite page show, the outward appearance of one of a plant of wheels recently furnished the Cliff Pmer r„ 
Niagara Kail, It is our new style of James Leffel Doubl, Discharge \\ hee ■;,' adrni g h ate r bet een The su '" 
foundation beams below, d.scharg.ng horizontally from the wheel on each side, and finally passing down on each side 
the mouth piece or supply pipe. The Casing is built of steel plates, and cast iron heads subsl ir 

bolts. The shafting is of the best hammered scrap, and the runner, which is 67 inches in diameter making 22s rev 
lutions per minute, is made of bronze, except hub and arms, all however unusually heivv and strong The cue "7r c 1 
and are operated by our new Patent Balance Thrust gate arrangement. The weight of the entire wheel as shown in the 
illustration, is 30 tons. They were sold under a guarantee of durability, and against breakage of any kind' for a stated 
time, and to perform satisfactorily a specified amount of work in a given period. 

Both these wheels are supplied, from one pipe of 8 feet diameter, leading from a canal at the top of the cliff to the 
wheel house, affording a head pressure of 130 feet. A large air chamber is placed on the top of casing which is shown 
partly broken away in the cut. This chamber relieves any pounding or concussion, that might occur during sudden irregu 
"ar supplies of water, to the wheel from the canal or head pipe. The wheels are rated at something over 1 100 H P each 
he two giving nearly 2400 Horse Power; making over 30 tons Dry Pulp per day. Each wheel ss connected on each side 
lirectly to the large wood grinders, and the other machinery, without the use of gears, pulleys, or belts- affording the 
implest and most effective Water Wheels, and the finest Power Plant that can possibly be adapted. 

1700 Horse Power; 17 Miles Transmission. 

A plant of three pairs of Samson 20 inch Turbine Wheels, with horizontal shafts, is successfully operating at the Falls 
of Juanacatlan. Mexico. They are the James Leffel Style 21, illustrated in our large Turbine Pamphlet, having a pulley on 
each end of the shaft, on both sides of the wheel, each pulley containing 16 grooves, for hemp rope transmission. The 
wheels of the plant are also supplied, each with a Governor, as shown in the illustration on the following page (32) here- 
with, hath pair of these 20 inch SAMSON Wheels, is nominally rated 600 H. P. Two pairs transmitting electrically 
about 1100 H. P. to Guadalajara, a distance of nearly 18 miles. These were first put into practical service, the perform- 
ance of which was so satisfactory, that a third pair was ordered, to fully complete the plant, and afford a reserve power. 
The runners are made of bronze, shafts of best hammered iron, and gates with other smaller parts of steel ; affording a 
style and make of wheel, without an equal, in beauty of design, in durability, in ease of operation, and in its general satis- 
factory performance. These wheels are under a head pressure of 62 feet, and are used for lighting and power purposes. 

Two Worlds Fair Diplomas and Two Medals. 

irded James I.effel & Co., Two Diplomas and Two Medals for their excellent 
are the highest awards issued by the Exposition for Water Wheels. 
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ENGINES ana BOILERS. 

Brief mention is here made of our Engines and 
Boilers, in the manufacture of which we were 
early engaged. The high reputation achieved by 
the splendid success of our Water Wheel in fur- 
nishing power resulting in our receiving many 
applications for steam power also. That our 
efforts to meet this demand in the fullest measure 
have been successful, is abundantly attested by 
more than 4,500 we have introduced giving ex- 
cellent results. 



Horizontal, Centre-Crank, 

Engines and Self-Contained, 

' Return Flue Steel Boilers, 

j we now build in a large 

number of sizes, above, 

5, 8, IO, 16, 20 and 26 

Horse Power. 





Improved Upright En- 
gines, with Submerged j 
Tubular Steel Boilers. 
We furnish in various t 
sizes, above, 

3, 4'A and 6'A Horse 
Power. 



We publish a separate Pamphlet devoted exclusively to illustrating and describing 
our Engines and Boilers. Copy of which, with prices, will be sent on application, ; 
stating power wanted, or kind and size machinery to be driven. 

JAMES LEFFEL & CO., Springfield, Ohio, IT. S. A. 



